Successful treatment with painful eccentric training for patients with chronic painful midportion Achilles tendinosis started research on pain mechanisms involving ultrasound + Doppler investigations and immunohistochemical analyses of tendon tissue specimens. This research has resulted in a better understanding of the pain mechanisms involved in the chronic painful Achilles and patellar tendon, and based on these findings new non tendon-invasive treatment methods beneficial for the patients have been invented. This is a mini review showing the background and research that resulted in the highly successful mini surgical treatments for mid-portion Achilles tendinopathy and proximal patellar tendinopathy.
Introduction

Eccentric Calf Muscle Training
By a co-incidence painful eccentric calf-muscle training was instituted on a group of patients with chronic painful midportion Achilles tendinopathy (Figure 1) . This painful treatment model resulted in very good clinical results with pain-free and satisfied patients [1] [2] , and also in larger patient groups [3] the results were good. Furthermore, ultrasound follow-ups showed improved and more normal tendon thickness and structure [4] . The findings were unexpected, and more or less against previous thinking on treatment of chronic painful tendons.
Collaborative Research Project
Consequently, to try to better understand the pain mechanisms involved in the chronic painful Achilles a collaborative research project involving sports medicine, radiology-ultrasound and anatomy, was started.
The first interesting findings were that ultrasound + Doppler examinations of chronic painful midportion Achilles tendinosis tendons showed high blood flow inside and outside ventral side (Figure 2 ), but in normal tendons there was no high blood flow [5] .
This finding led to ultrasound + Doppler-guided biopsies taken from the region with high blood flow inside and outside the Achilles midportion. Immunohistochemical analyses of these biopsies showed nerves in close relation to blood vessels outside the tendon (Figure 3) , but very few nerves inside the tendon [6] . There were mainly sympathetic, but also sensory, nerves [7] . Following ultrasound + Doppler-guided injections of small volumes of the local anaestetic xylocain + Adrenaline, targeting the regions with high blood flow outside the tendon, temporarily cured the tendon pain [6] . There were similar findings for the proximal patellar tendon in patients suffering from Jumper's knee [8] .
Invention of Treatment Methods
Ultrasound and Doppler-Guided Sclerosing Polidocanol Injections
Based on the findings above, a new treatment method was invented. Ultrasound + Doppler-guided injections (Figure 4 ) of the sclerosing substance polidocanol, targeting the regions with high blood flow outside the tendon, was instituted [9] . This relatively technically demanding procedure showed good clinical results in pilot studies and also in a randomized placebo-controlled study [9] [10] . Interestingly, ultrasound + Doppler follow-ups showed decreased tendon thickness and improved structure over time [11] , indicating a high potential in the soft tissues outside the ventral side of the Achilles tendon. Also for the proximal patellar tendon (Jumper's knee) ultrasound + Doppler-guided sclerosing polidocanol injections showed good clinical results [12] [13] . The limitations with this type of treatment are that it is technically demanding, having a relatively long learning curve, and that most often multiple (Achilles 2 -3 and patellar 4 -5) injection treatments are needed for a good clinical result.
Ultrasound and Doppler-Guided Mini-Surgical Scraping
Because of the limitations noticed with sclerosing polidocanol injection treatment, instead a mini surgical scraping treatment was invented. Guided by the ultrasound + Doppler findings, in local anaestesia, a minor surgical procedure were the ventral side of the tendon was scraped in the regions with high blood flow and nerves, was performed (Figure 4) [14] . This is a one stage and more radical approach compared to the polidocanol injection treatment. Because there is no intra-tendinous trauma, a relatively fast (4 -6 weeks) rehabilitation can be used postoperatively. This method started to be used on small numbers of non active and recreationally active individuals in 2007 [14] , and because the clinical results were good without any side effects, the use of this method has been increased to large numbers of patients also including professional athletes [15] . Interestingly, the sometimes very nearby located plantaris tendon (Figure 4 ) not seldom seems to be involved in the painful condition, and consequently the surgical technique has been modified to always use a medial approach in order to evaluate a possible interference between the plantaris and Achilles tendons [16] [17].
Ultrasound and Doppler-Guided Arthroscopic Shaving
For the proximal patellar tendon (Jumper's knee), an ultrasound + Doppler-guided arthroscopic shaving procedure was invented (Figure 5) , and the clinical results are similarly good as for the Achilles midportion [18] [19] . Ultrasound + Doppler follow-ups show decreased tendon thickness and a more normal structure over time (submitted). 
Implications for Treatment
What have we learned about treatment from the research findings above? Well, before the chronic painful Achilles and patellar tendon, not responding to conservative treatment, was treated surgically [20] [21] . Surgical treatment most often included excision of macroscopically abnormal tendon tissue via a longitudinal tenotomy, followed by immobilization in a cast and often altogether 4 -6 months of rehabilitation [20] [21] . This was because it was believed that to cure the pain treatment needed to be addressed to the inside of the tendon. The clinical results after intra-tendinous treatments has been demonstrated to be varying [22] , and no improvement of tendon thickness and structure over time has been shown [23] . Now we know that the nerves associated with this chronic painful condition are located outside the tendon, and treatment/interference with these nerves outside the tendon can cure the pain and remodel the tendon over time. Also, there is no need for a long and careful rehabilitation after treatment/interference outside the tendon.
Research on Tendon Cells
In parallel with the research having a direct clinical application, research on the tendon cells has been performed. The hypercellularity seen in tendinosis tissue has previously been thought to represent tenocytes and tenoblasts [24] . However, looking close at those cells, not all have the traditional thin and slender shape characterizing a tenocyte, but instead there is a variety of cells with different shape. Our research group decided to have a closer look at these cells. Multiple tendon tissue biopsies, taken with ultrasound and Doppler-guidance from regions with irregular tendon structure and high blood flow, were analyzed with immune-histochemical and in-situ DNA-hybridazing techniques. Interestingly, some of these cells, were shown to produce pain and signal substances [25] - [30] . Also, the receptors for those substances were found to be localized on the cell surface [29] [30]. We are now only in the beginning of characterizing the cells in the hypercellular region of painful tendinosis tendons, but already we can state that there is a production of pain/signal substances and neurotransmitters inside the tendon. There are very few nerves inside the tendon, but instead there are multiple nerves outside the deep side of the tendon. It can be speculated whether there is a more or less cordless communication between the substances produced inside the tendon and the nerves located on the deep side of the tendinosis tendon? Hopefully, future research can clarify why the tendon cells start to produce these substances? If it is related to tendon pain? If it is related to structural tendon changes and thickening? And how this production can be blocked?
Conclusions and Future Directions
-In chronic painful tendinopathy/tendinosis in the Achilles midportion and proximal patellar tendon the nerves are located in close relation to blood vessels outside the deep side of the tendon.
-Ultrasound and Doppler examination can be used to localize the region with high blood flow (were the nerves are) outside the tendon, and to guide treatment procedures.
-Treatment with sclerosing polidocanol injections and mini surgical scraping, interfering with the regions with high blood flow and nerves outside the tendon, has shown good clinical results. The methods are safe with few complications, and there is a fast recovery and return to heavy tendon loading activity. In the longer perspective, remodeling decreased thickness and improved structure of the tendon.
-In my view there is no indication to use tenotomy in the treatment of patients with pure tendinopathy/tendinosis in the Achilles midportion and proximal patellar tendon.
-For surgical treatment of patients with the combination of tendinopathy/tendinosis and a partial rupture, tenotomy is sometimes needed.
-More research is needed to study the tendon cells. Is the production of pain and signal substances in the tendon cells of importance for the tendinopathy? Is it a trigger or a result? Studies clarify if blocking the production of pain and signal substances in the tendon cells has an impact on tendon structure and thickness, and if there is an influence on pain.
